We show here that, unlike most other prokaryotic Argonaute (Ago) proteins, which are 15 DNA-guided endonucleases, the Natronobacterium gregoryi-derived Ago (NgAgo) can 16 function as a DNA-guided endoribonuclease, cleaving RNA, rather than DNA, in a 17 targeted manner. The NgAgo protein, in complex with 5'-hydroxylated or 5'-18 phosphrylated oligodeoxyribonucleotides (ODNs) of variable lengths, split RNA targets 19 into two or more fragments in vitro, suggesting its physiological role in bacteria and 20 demonstrating a potential for degrading RNA molecules such as mRNA or lncRNA in 21 eukaryotic cells in a targeted manner. 42 gene knockdown in human cells 4, 13 and zebrafish 15 , leading to confusion in the scientific 43 community 16 . Here, we show that NgAgo utilizes both 5'-hydroxylated and 5'-phosphorylated 44 guide oligodeoxyribonucleotides (gODNs) to cleave RNA, rather than DNA, in a sequence-45 3 dependent manner, suggesting its mechanism of action and potential applications in 46 biomedical research.
23
Argonaute (Ago) proteins are complexed with small DNA or RNA guides and cleave nucleic 24 acid targets whose sequences are complementary with the guides 1 . Agos in eukaryotes bind 25 to small interfering RNAs (siRNAs) or microRNAs (miRNAs) to suppress gene expression by 26 degrading mRNAs in a targeted manner, a regulatory process known as RNA interference 27 (RNAi). Agos in eubacteria and archaea are complexed with DNA or RNA guides and function 28 as defense systems against foreign mobile genetic elements such as phages or plasmids 2, 3 . (Supplementary Methods and Supplementary Fig. 1) . The NgAgo protein was incubated 50 with a 5'-hydroxylated or 5'-phosphorylated gODN at 37 ℃ for 30 minutes to form Ago 51 deoxyribonucleoprotein (DNP) complexes. An RNA target (Supplementary Table. 1) , 52 prepared by in vitro transcription with T7 RNA polymerase, was treated with the NgAgo DNP 53 at 37 ℃ for 20-60 minutes. NgAgo in complex with the antisense gODN whose sequence 54 was complementary with the RNA target encoding exon 11 of the human DYRK1A gene 55 cleaved the RNA transcript site-specifically (Fig. 1a) . In contrast, NgAgo pre-incubated with a 56 sense gODN did not cleave the target (Fig. 1b) , suggesting that base pairing between RNA 57 and gODN is essential for targeted RNA cleavage. Both 5'-hydroxylated and 5'-phosphrylated 58 gODNs were able to direct NgAgo to cleave the RNA transcript. To the best of our knowledge, 59 no other eukaryotic or prokaryotic Ago proteins are guided by 5'-hydroxylated gODNs. A small 60 antisense RNA, the size and sequence of which was identical with those of the gODN, failed 61 to guide NgAgo to cleave the RNA target in vitro (Fig. 1a) . Single-stranded and double-62 stranded DNA molecules were not cleaved by the NgAgo DNP under our experimental 63 conditions. Taken together, these results show that NgAgo is a DNA-guided ribonuclease 64 (RNase) rather than a DNA-guided deoxyribonuclease (DNase).
